In this project we aim to analyze "honest signals" between Jazz musicians by using sociometric badges with the goal of identifying structural properties of selforganizing creative teams. In particular, we are interested in the pre-requisites for "flow," the state of work where "time flies," and workers are at their most-productive best. We extend the concept of individual "flow" as defined by Csikszentmihalyi (Flow: the psychology of optimal experience. Harper Row, New York, 1990) to the group level (Sawyer in Group creativity: music, theater, collaboration. Psychology Press, Oxford, 2003; Group genius: the creative power of collaboration. Basic Books, New York, 2007), trying to identify some of the conditions indicative of the group flow state. We speculate that a band of Jazz musicians is particularly well suited to study group flow, because they are an archetype of a self-organizing creative team, involved in highly creatively work while passing leadership of the tune for the solo part from one band member to the next.
Introduction
Imagine listening to a live jazz concert. The lead singer is warming up the audience, then the saxophonist, the trumpet player, and the baritone sax pick up the tune from the lead singer, and the music starts in earnest. After a first full combo, where all members of the orchestra take an active part, the tune is passed on to the baritone sax, with support from the drummer and the bass, the other orchestra members relax, smiling and supporting the baritone sax by whipping their bodies in sync with the tune. Then, the baritone sax finishes his solo, and passes the lead back to the orchestra, which takes over again as a team. This repeats for the trumpet and the drums, then the tune is passed on to the singer; the two sax players and the trumpet player are now so in swing, they start a wild dance, rhythmically kicking their heels and hopping around to the tune played by bass, guitar, keyboard, and singer. Finally the entire orchestra engages into a furious finale, all band members playing together as one unified whole. Similar scenarios take place every time a jazz band plays together.
For us, a Jazz band is a blueprint of a creative team, working together in a state of flow, as defined by Csikszentmihalyi [8] . In this project we aim to analyze "honest signals" [23] between Jazz musicians by using sociometric badges [21] with the goal of identifying some of the prerequisites for "flow", the state of work where "time flies", and workers are at their most-productive best.
Related Work and Hypothesis
We are in the age of creativity-creative people, creative teams, and creative organizations are at a premium [9] . For the creative person, both cognitive and non-cognitive aspects of the mind influence creative behavior. This behavior is based on complex interactions among the individuals involved, which are repeated on each level of social organization. In this sense, organizational creativity is a function of the creative output of its component individuals, groups, and organizations [4] . The interactional perspective on creativity suggests that the effective translation of ideas into action will depend on a variety of individual and situational attributes such as motivation, skills, personality, and contextual features [27, 29] .
There is a tightly woven interplay between individual and group creativity [24, 25] . Past work on idea creation and organizational success has focused on user innovation and the quality of the idea generated [11] [12] [13] . Most of the early research on creativity has been characterized by the study of famously creative people such as Leonardo da Vinci, Isaac Newton and many others [7, 26] . Researchers subsequently identified personality traits that are reasonably stable among different creative people such as "high valuation of esthetic qualities in experience, broad interests, attraction to complexity, high energy, independence of judgment, autonomy, intuition, self-confidence, ability to resolve antinomies or to accommodate apparently opposite or conflicting traits in one's self-concept, and a firm sense of self as creative" [3, 7] . In other research, characteristics consistently identified by R&D scientists as being important for creativity were persistence, curiosity, energy, and intellectual honesty (1981) . Researchers also identified cognitive abilities that correlate with idea creation such as fluency of expression, figural fluency, ideational fluency, speech fluency, word fluency, practical ideational fluency, and originality [6] . Intrinsic motivation was identified as a further key for individual creativity [1, 2] . Individual cognitive biases may constrain creativity. Because creativity in the organizational context involves the recombination of different existing ideas, researchers are looking for social sources of new ideas going beyond individual cognitive processes [25] .
Depending on the creative nature of the task, high creativity and high performance are directly linked. On the group level, researchers found that factors most supportive of creative groups were democratic leadership, organic and selforganizing group structure, and group members drawn from diverse backgrounds and domains [17] . Obviously group creativity is not just the cumulative aggregate of the individual group members' creativity. Rather, factors such as group composition (e.g., diversity), group characteristics (e.g., cohesiveness, group size), and group processes (problem solving strategies and social information processes) fundamentally influence the group's creativity [15, 28] . By the definition of flow by Csíkszentmihályi [7] high flow leads to high performance. If a team is collectively in flow (what we call "group flow") it therefore will deliver high performance.
Flow and happiness are related [7] . Group flow is based on flow experienced in relational embeddedness [5] which in itself increases satisfaction [20] .
Very little work has been done looking at flow as a potential cause of creativity and its occurrence among musicians. The only research we know of is from Manzano et al. [19] , who looked at the flow experience of individual pianists. 21 professional classical pianists were asked to manually classify their flow experience while playing the piano. It was found that heart rate, blood pressure, and respiratory breadth of the pianists predicted their flow experiences. In another research project, Limb and Braun [18] observed the brains of Jazz pianists improvising together using functional fMRI, identifying activity in the brain regions indicative of self-organizing creative work. In our work, we are extending this research in two ways, to measuring other human body signals, and broadening it from the individual to the group. While it has been commonly assumed that extroverted leaders are more successful, Grant et al. [14] recently paint a more differentiated picture. They find that for teams with more active members, a more introverted leader, who delegates responsibility to a self-organizing team, will achieve better results. We therefore expect to find a similar pattern for a team of jazz musicians, where there is little space for the primadonna type musician, instead band members take turns in assuming the leadership role during their solo riffs, confirming the characteristics of creative individuals and teams described above in this section.
Our study relies on work done by Sandy Pentland [23] and his team at the MIT Media Lab on identifying "honest signals". These signals are an important component of individual behavior, as they are unconscious signs that individuals exhibit during social interactions. Pentland measured these honest signals by analyzing body movement patterns, and the timing, energy, and variability of speech. Based on experimental data collected within a German bank [10] , a large hospital in the Boston area and a bank in the Czech Republic, Olguín-Olguín and Pentland [22] found that social signaling behavior and face-to-face network characteristics can predict group performance.
When measuring creativity, many researchers equate performance and creativity, assuming that a high-performing group or individual must be more creative [16] . In this project however we have the advantage that the performance of the team indeed depends on the creativity of the team members. By measuring satisfaction of the audience through the strength of the applause we obtain a direct metric for the quality of the output of the creative team. Combining all of the insights of creative individuals and teams in flow therefore leads to our hypothesis. 
Hypothesis The more in flow the members of a Jazz band are-as measured through oscillations or changes in their

Method
During a Jazz concert we equipped a professional Jazz band with sociometric badges 1 (Fig. 1) , which collect energy levels of the wearer through a built-in accelerometer as well as the pitch of the sound with a microphone. The badges also measure relative position towards each other badge, and when the wearers are facing each other through IR and radio sensors. We did not use this feature, however, because band members are not facing each other often while they are playing, but coordinate through listening to each other's music while facing the audience.
Normally these badges are worn around the neck, but in the case of the Jazz musicians, this would have been too intrusive and interfere with them playing their instruments, therefore they just placed them in their shirt or pants pockets, which was sufficient to collect the accelerometer and microphone data. Unfortunately we had to discard some data, because the badges did not record it correctly, this way we lost the sociometric data of the tenor sax and the bass player.
In this project, we exclusively measure changes in body movement energy levels of the badge wearers over time, as well as sound amplitude over time. The acceleration signal vector magnitude provides a measure of body movement intensity and has been used to estimate energy expenditure and recognize daily life activities. 2 From the 3-axis accelerometer signal we calculate the following features: mean signal magnitude, standard deviation of signal magnitude, and power or signal energy. The usefulness of the sound is restricted, because the microphone will not just capture the tune played by the wearer, but also the melodies produced by the other musicians. It is therefore only used for synchronizing accelerometer results with intermissions and applause, and to calculate the dependent variable, the strength of the applause after each musical piece. For the applause, the mean of the two badges of the drummer and the guitar player was taken, as the two were the two outmost players standing at opposite sides on the stage. Also, as the guitar player was wearing his badge buried deep in his pants pocket, the sounds was more muffled than for the other players.
Results
In our experiment the band consisted of eight musicians (the singer who was the band leader, tenor sax, baritone sax, trumpet, guitar, keyboard, bass, and drums). In addition one member of the audience (one of the co-authors of the paper) was wearing an additional badge to control for sound and energy levels of the audience in contrast to the band. Figure 2 displays four phases during one piece of music, corresponding to the musical scenario described in the introduction of this player. In the top left, the band is starting with the warm-up of the singer. At the top right of Fig. 2 there is the solo of the sax player, in the bottom right there is the excited dance of the brass players in sync with the guitar, bass and drums, and in the bottom left we see the finale of all members of the orchestra. Figure 3 illustrates changes in energy levels over the entire two-hours of the concert. The green line (the drummer) oscillates the most, while the singer and bandleader, as well as the one person representing the audience have much lower oscillations. The intermissions, after each piece, are recognizable by the lower energy levels of the musicians. We noticed strong negative correlation between average energy level and standard deviation of energy among band members (Fig. 4) (r = −0.862 * , n = 6). This means that the musicians with the lowest fluctuations in energy levels were playing with continuously high energy, while the players with low mean energy were showing strong bursts of energy. When looking at individual players, we found that the drummer and trumpet players had the lowest mean energy levels (0.86 and 0.85 respectively) with comparatively high standard deviation of 0.4, while the keyboard and guitar players had much higher mean energy of 1.0 and 1.1, with comparatively low standard deviation of 0.2.
We wonder if this is dependent on personal style of the musicians, or if it has to do with the instruments themselves: playing the drums and the trumpet in a high-energy activity is sustainable only if there are low-energy phases, although minuscule, to recover and relax. Playing the keyboard and figure online) the guitar, on the other hand, seems to be somewhat less physical work, which allows the musicians to remain on continuously high energy levels. Another explanation might be that keyboard and guitar in this band have the responsibility for the groove of the music (speed and rhythm for example).
Comparing the energy levels collected by the accelerometer showed a separation into small groups. The correlations, comparing the accelerometer readings sampled once per second over the duration of the entire concert, were rather weak however. If we break the analysis down on the individual pieces, we get much stronger and significant correlations. It therefore seems that instruments form groups for the duration of each piece. Table 1 illustrates this for the first piece. The drummer is positively correlated with the trumpet player (0.140 * * )-also sharing a similar energy profile of comparatively low energy with high standard deviations. The bandleader and singer is positively correlated with the one member of the audience wearing a badge (0.167 * * ). The keyboard player seems to be the connector, as he is pos- itively correlated both with the singer (0.205 * * ), and the guitar (0.138 * * ), while having negative correlation with the baritone sax (−0.201 * * ). The only correlation the member of the audience has is the positive correlation with the bandleader. This individual analysis seems to indicate a grouping of the band into three fractions for this particular piece, the drummer-trumpet-group, the baritone sax-keyboard-guitarsinger group, and the singer and bandleader connected to the audience (Fig. 5) . The keyboard player seems to have a role as a bridge, linking the guitar and baritone sax, and the bandleader. We also assume, that the decentralized leadership structure without a central leader will have a positive influence on the group's creativity.
It therefore seems that the musicians form alliances for the duration of a piece. Figure 6 illustrates the negative correlation in energy between keyboard and baritone sax in the Fig. 6 Illustration of the negative correlation in energy during the first piece between keyboard and baritone sax first piece. We can't really tell if having negative correlation in energy levels is good or bad for the band-it might lead to artistic tension-but it is probably good to have positive correlation in energy levels between instruments, for the band members to play in harmony.
Based on this insight, we speculate that the more the players form one large energy cluster all playing in sync, the better they will play. Thus the next step was to compare the intensity of applause after each piece of music with the energy level changes between the musicians while playing the particular tune. There was no significant correlation between aggregated mean amount of energy the band put into a piece, and the strength of the applause. However we found that the more the band members get in sync, i.e. the smaller the mean standard deviation is in energy levels between all band members, the stronger is the applause (R = −0.525 * ) (Fig. 7) . To put it in other words, the more aligned the energy levels among musicians are for a piece of music, the stronger is the applause. We call this phenomenon "getting in group flow". This means that the more the band members get in group flow, the more the audience will be touched and get carried away by the tune. With that we have confirmed our hypothesis.
To put it in more general terms, it seems that just investing a lot of energy into playing a tune-such as the hopping around and the excited dance in the example in Fig. 2 -does not increase the quality of a song. Rather, what matters for high quality of creative output is getting in group flow, with the energy levels of all band members oscillating in parallel.
Conclusions
We are convinced that we are only at the beginning of a new era of research, trying to better understand what drives team creativity by analyzing "honest signals" of team members. While our results are preliminary, they are extremely promising, as they seem to suggest that getting into synchronized swing is essential for successful collaboration. Understanding "honest signals" is one way of identifying collaborative communicators such as the saxophone player, who are essential "glue" to enable the smooth operation of a creative team such as a jazz orchestra. While this is a very early experiment, it opens up radically new ways to studying group dynamics among self-organizing teams reaching the flow state.
